SPECIFICATION 



TO ALL, WHOM IT MAY CONCERN: 

BE IT KNOWN THAT I, TOMOHIRO NAKAJIMA, a 
citizen of Japan residing at Tokyo, Japan have 
invented certain new and useful improvements in 

OPTICAL SCANNING MODULE, DEVICE, AND METHOD, AND 
IMAGING APPARATUS 



of which the following is a specification:- 



BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to an optical 
scanning module, device, and method, and an imaging 
apparatus . 

2. Description of the -Related Art 
Conventional optical scanning devices employ 

polygon or galvano-mirrors as deflectors deflecting 
light beams for scanning. In order to realize an 
image of a higher resolution and to achieve higher- 
speed printing, it is necessary to rotate the 
deflector at a higher rate, which, however, entails a 
problem of bearing durability or a problem of heat 
generation or noise caused by windage. This sets a 
limit to high-speed scanning. 

On the other hand, recently, researches on 
an optical deflector using silicon micromachining 
have made progress, so that such an optical deflector 
formed by integrally forming a movable mirror and 
torsion bars supporting the movable mirror of a 
semiconductor substrate as disclosed in Japanese 
Patent No. 2722314 or No. 3011144 has been proposed. 
The optical deflector disclosed in Japanese Patent No. 
2722314 or No. 3011144, which oscillates back and 
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forth using resonance, is therefore operable at a 
high speed. Further, since the torsion bars of 
single-crystal silicon are degradation-free, the 
above-described optical deflector is excellent in 
5 high-speed scanning. 

The above-described optical deflector gains 
amplitude by using resonance, thus having the 
advantage of extremely small power consumption and 
reduced noise compared with the conventional polygon 
10 or galvano-mirror . However, in the case of scanning 
2 a surface with a deflected light beam, the above- 

*P described optical deflector is moved in the other 

CO direction at each end of a scanning line so that a 

s scanning rate is 0 at each end of the scanning line 

O 

py 15 and is maximized at the center thereof, thus having a 

hi 

great variation. Therefore, it is difficult to 
p] correct an optical scanning device using the above- 

described optical deflector with a scanning lens so 
that scanning is performed at a constant rate on a 

20 scanned surface as in the conventional optical 
scanning device using the polygon mirror. 

As will be described later, a maximum swing 
angle 60 is inversely related to a resonant frequency 
fd. As a recording rate becomes higher, the maximum 

25 swing angle 90 becomes smaller. In practice, the 



maximum swing angle 00 becomes equal to or smaller 
than 10°. 

Since the scanning rate decreases at an 
accelerating pace as the swing angle of the movable 
mirror becomes greater, the movable mirror may be 
used with the range of a variation in the scanning 
rate being set relatively narrow by limiting a swing 
angle 9s used for image recording with respect to the 
maximum swing angle 60. However, this incurs 
reduction in an image recording region, causing a 
problem that a ratio of the swing angle 9s used for 
image recording to the maximum swing angle 90, that is 
an effective scanning rate 9s/90, becomes low. 

The galvano-mirror has a movable coil 
turnably supported in a magnetic field. The movable 
mirror is turned in opposite directions by using the 
equilibrium of the rotational torque of an 
electromagnetic force and a return spring, the 
electromagnetic force being generated in the movable 
coil by supplying an electric current thereto. 
Compared with the polygon mirror, the galvano-mirror 
is simple in configuration and small in size. 

As previously described, with the recent 
development of micromachining , a galvano-mirror 
having a movable mirror and torsion bars supporting 



the movable mirror formed integrally with each other 
in a Si substrate has been proposed as disclosed in 
Japanese Patent No. 2722314. Further, a method of 
oscillating a movable mirror by using an 
electrostatic attraction is disclosed in Japanese 
Patent No. 3011144. According to these inventions, 
high-speed and highly productive deflectors can be 
obtained. 

Such a movable mirror formed on a Si 
substrate can cause a light beam to perform scanning 
at a higher rate than the polygon mirror by matching 
the frequency of attraction or a repulsive force 
given to the movable mirror with the natural 
frequency thereof so that the movable mirror 
oscillates by resonance. 

The swing angle 9 of the movable mirror is 

given by: 

0 = T/K (K = G-I/L) 

where G is the modulus of elasticity, I is the 
geometrical moment of inertia, L is the length, K is 
the spring constant determined by the length L, and T 
is the torque given by the electrostatic attraction 
of torsion bars supporting the movable mirror. 



Further, the resonant frequency (|) of the 
movable mirror is given by the following expression: 



0 - (K/J) 1/2 

where J is the moment of inertia. 

The speed or the resonance frequency and the 
swing angle 9 of the movable mirror are inversely 
related. Generally, the swing angle 6 is smaller than 
or equal to approximately 10°, so that it is difficult 
for the movable mirror to achieve as large a scanning 
angle as the polygon mirror (approximately 40°) in 
terms of its physical property. Therefore, in order 
to secure a recording width as s substitute for the 
polygon mirror, it is necessary for the movable 
mirror to have a large optical path length (a 
distance between a deflection surface and a scanned 
surface) . This enlarges the size of the entire 
optical scanning device employing the movable mirror, 
which is minute as a deflector. 

SUMMARY OF THE INVENTION 

It is a general object of the present 
invention to provide an optical scanning module, 
device, and method, and an imaging apparatus in which 



the above-described disadvantages are eliminated. 

A more specific object of the present 
invention is to provide an optical scanning module, 
device, and method, and an imaging apparatus by which 
image recording can be performed efficiently with an 
increased effective scanning rate and applied power 
can be reduced to lower power consumption with a 
reduced maximum swing angle. 

Another more specific object of the present 
invention is to provide an optical scanning device 
and an imaging apparatus that employ a downsized 
high-speed movable mirror oscillating by resonant 
oscillation and can benefit from the merit thereof, 
and can obtain good image quality by low-power high- 
speed recording. 

The above objects of the present invention 
are achieved by an optical scanning module including 
a light-emission source emitting a light beam, a 
movable mirror reflecting the light beam, and a 
movable mirror driving part that causes the movable 
mirror to oscillate in first and second opposite 
directions, wherein a frequency of pixel information 
supplied to the light-emission source varies in 
accordance with a primary scanning position of each 
of pixels. 



The above objects of the present invention 
are also achieved by an optical scanning module 
including a light-emission source emitting a light 
beam, a movable mirror reflecting the light beam, and 
a movable mirror driving part that causes the movable 
mirror to oscillate in first and second opposite 
directions, wherein a frequency causing the light- 
emission source to emit light based on pixel 
information varies in accordance with a primary 
scanning position. 

The above objects of the present invention 
are also achieved by an optical scanning module 
including a light-emission source emitting a light 
beam, a movable mirror reflecting the light beam, a 
movable mirror driving part that causes the movable 
mirror to oscillate in first and second opposite 
directions, and a variable frequency setting part 
varying, in accordance with an amplitude of the 
movable mirror, a frequency causing the light- 
emission source to emit light based on pixel 
information . 

According to any of the above-described 
optical scanning modules, image recording can be 
performed efficiently with an increased effective 
scanning rate and applied power can be reduced to 



lower power consumption with a reduced maximum swing 
angle . 

The above objects of the present invention 
are also achieved by an optical scanning module 
including a light-emission source emitting a light 
beam, a movable mirror reflecting the light beam, and 
a movable mirror driving part that causes the movable 
mirror to oscillate in first and second opposite 
directions, wherein a light emission period forming 
one pixel on a scanned surface is varied with respect 
to a primary scanning direction to be minimized in a 
vicinity of a center of an image so that a light- 
emission interval between each of pixels forming 
pixel information is minimized in the vicinity of the 
center of the image. 

According to the above-described optical 
scanning module, a correction of a scanning speed on 
a scanned surface by a scanning lens can be reduced 
and an angle of field for image recording can be 
widened, thus shortening an optical path length. 
Thereby, the optical scanning module is downsized. 

The above objects of the present invention 
are also achieved by an optical scanning device 
including a plurality of optical scanning modules 
arranged so that primary scanning directions thereof 
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coincide with each other, the optical scanning 
modules each including a light-emission source 
emitting a light beam, a movable mirror reflecting 
the light beam, and a movable mirror driving part 
that causes the movable mirror to oscillate in first 
and second opposite directions, wherein a frequency 
of pixel information supplied to the light-emission 
source varies in accordance with a primary scanning 
position of each of pixels. 

The above objects of the present invention 
are also achieved by an optical scanning device 
including a plurality of optical scanning modules 
arranged so that primary scanning directions thereof 
coincide with each other, the optical scanning 
modules each including a light-emission source 
emitting a light beam, a movable mirror reflecting 
the light beam, and a movable mirror driving part 
that causes the movable mirror to oscillate in first 
and second opposite directions, wherein a frequency 
causing the light-emission source to emit light based 
on pixel information varies in accordance with a 
primary scanning position. 

The above objects of the present invention 
are also achieved by an optical scanning device 
including a plurality of optical scanning modules 
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arranged so that primary scanning directions thereof 
coincide with each other, the optical scanning 
modules each including a light-emission source 
emitting a light beam, a movable mirror reflecting 
5 the light beam, and a movable mirror driving part 

that causes the movable mirror to oscillate in first 
and second opposite directions, and a variable pixel 
frequency setting part varying, in accordance with an 
amplitude of the movable mirror, a frequency causing 
10 the light-emission source to emit light based on 

B pixel information. 

En 

*P The above objects of the present invention 

Kl are also achieved by an optical scanning device 

s including a plurality of optical scanning modules 

flj 15 arranged so that primary scanning directions thereof 

m coincide with each other, the optical scanning 

m modules each including a light-emission source 

emitting a light beam, a movable mirror reflecting 
the light beam, and a movable mirror driving part 
20 that causes the movable mirror to oscillate in first 
and second opposite directions, wherein a light 
emission period forming one pixel on a scanned 
surface is varied with respect to a primary scanning 
direction to be minimized in a vicinity of a center 
25 of an image so that a light-emission interval between 
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each of pixels forming pixel information is minimized 
in the vicinity of the center of the image. 

The above objects of the present invention 
are also achieved by an optical scanning device 
including a plurality of optical scanning modules 
arranged so that primary scanning directions thereof 
coincide with each other, the optical scanning 
modules each including a light-emission source 
emitting a light beam, a movable mirror reflecting 
the light beam, and a movable mirror driving part 
that causes the movable mirror to oscillate in first 
and second opposite directions, wherein control is 
performed so that a termination end of one of images 
formed by scanning by the light beams of the optical 
scanning modules coincides with a starting end of an 
adjacent one of the images. 

According to any of the above-described 
optical scanning devices, the image recording widths 
of the optical scanning modules are combined to form 
a larger image recording width for any of the optical 
scanning devices so that images of a variety of 
recording widths can be formed. 

The above objects of the present invention 
are also achieved by an imaging apparatus including 
an optical scanning device that includes a plurality 
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of optical scanning modules arranged so that primary 
scanning directions thereof coincide with each other, 
the optical scanning modules each including a light- 
emission source emitting a light beam, a movable 
mirror reflecting the light beam, and a movable 
mirror driving part that causes the movable mirror to 
oscillate in first and second opposite directions, 
wherein a freguency of pixel information supplied to 
the light-emission source varies in accordance with a 
primary scanning position of each of pixels and an 
electrostatic image is formed on an image holding 
body by dividing an image region thereon in the 
primary scanning direction of each of the optical 
scanning modules and is made visible by toner to be 
transferred onto an output sheet of paper. 

The above objects of the present invention 
are also achieved by an imaging apparatus including 
an optical scanning device that includes a plurality 
of optical scanning modules arranged so that primary 
scanning directions thereof coincide with each other, 
the optical scanning modules each including a light- 
emission source emitting a light beam, a movable 
mirror reflecting the light beam, and a movable 
mirror driving part that causes the movable mirror to 
oscillate in first and second opposite directions, 
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wherein a frequency causing the light-emission source 
to emit light based on pixel information varies in 
accordance with a primary scanning position and an 
electrostatic image is formed on an image holding 
body by dividing an image region thereon in the 
primary scanning direction of each of the optical 
scanning modules and is made visible by toner to be 
transferred onto an output sheet of paper. 

The above objects of the present invention 
are also achieved by an imaging apparatus including 
an optical scanning device that includes a plurality 
of optical scanning modules arranged so that primary 
scanning directions thereof coincide with each other, 
the optical scanning modules each including a light- 
emission source emitting a light beam, a movable 
mirror reflecting the light beam, and a movable 
mirror driving part that causes the movable mirror to 
oscillate in first and second opposite directions, 
and a variable pixel frequency setting part varying, 
in accordance with an amplitude of the movable mirror, 
a frequency causing the light-emission source to emit 
light based on pixel information, wherein an 
electrostatic image is formed on an image holding 
body by dividing an image region thereon in the 
primary scanning direction of each of the optical 



-15- 



scanning modules and is made visible by toner to be 
transferred onto an output sheet of paper. 

The above objects of the present invention 
are also achieved by an imaging apparatus including 
an optical scanning device that includes a plurality 
of optical scanning modules arranged so that primary 
scanning directions thereof coincide with each other, 
the optical scanning modules each including a light- 
emission source emitting a light beam, a movable 
mirror reflecting the light beam, and a movable 
mirror driving part that causes the movable mirror to 
oscillate in first and second opposite directions, 
wherein a light emission period forming one pixel on 
a scanned surface is varied with respect to a primary 
scanning direction to be minimized in a vicinity of a 
center of an image so that a light-emission interval 
between each of pixels forming pixel information is 
minimized in the vicinity of the center of the image 
and an electrostatic image is formed on an image 
holding body by dividing an image region thereon in 
the primary scanning direction of each of the optical 
scanning modules and is made visible by toner to be 
transferred onto an output sheet of paper. 

The above objects of the present invention 
are also achieved by an imaging apparatus including 
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an optical scanning device that includes a plurality 
of optical scanning modules arranged so that primary 
scanning directions thereof coincide with each other, 
the optical scanning modules each including a light- 
emission source emitting a light beam, a movable 
mirror reflecting the light beam, and a movable 
mirror driving part that causes the movable mirror to 
oscillate in first and second opposite directions, 
wherein control is performed so that a termination 
end of one of images formed by scanning by the light 
beams of the optical scanning modules coincides with 
a starting end of an adjacent one of the images, and 
an electrostatic image is formed on an image holding 
body by dividing an image region thereon in the 
primary scanning direction of each of the optical 
scanning modules and is made visible by toner to be 
transferred onto an output sheet of paper. 

According to any of the above-described 
imaging apparatuses, power saving and noise reduction 
can be realized. 

The above objects of the present invention 
are also achieved by an optical scanning method 
employing an optical scanning device that causes a 
light beam emitted from a light-emission source to 
perform scanning by deflecting the light beam by a 
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movable mirror oscillating in first and second 
opposite directions in a resonant state, wherein 
image writing is performed by selecting, in 
accordance with a resonant freguency of the movable 
mirror, a reference freguency causing the light- 
emission source to emit light based on pixel 
information . 

The above objects of the present invention 
are also achieved by an optical scanning method 
employing an optical scanning device that causes a 
light beam emitted from a light-emission source to 
perform scanning by deflecting the light beam by a 
movable mirror oscillating in first and second 
opposite directions in a resonant state, wherein 
image writing is performed by supplying the light- 
emission source with pixel information whose 
freguency is varied in accordance with a primary 
scanning position of each of pixels. 

The above objects of the present invention 
are also achieved by an optical scanning method 
employing an optical scanning device that causes a 
light beam emitted from a light-emission source to 
perform scanning by deflecting the light beam by a 
movable mirror oscillating in first and second 
opposite directions in a resonant state, the optical 



scanning method including the steps of (a) detecting 
an oscillation displacement of the movable mirror, 
(b) setting a frequency variation section based on a 
detection signal obtained by the step (a) , and (c) 
performing image writing while varying, step by step 
from a reference frequency in the frequency variation 
section, a frequency causing the light-emission 
source to emit light based on pixel information. 

According to any of the above-described 
methods, image recording can be performed efficiently 
with an increased effective scanning rate and applied 
power can be reduced to lower power consumption with 
a reduced maximum swing angle. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Other objects, features and advantages of 
the present invention will become more apparent from 
the following detailed description when read in 
conjunction with the accompanying drawings, in which: 

FIG. 1 is an exploded perspective view of an 
optical scanning module provided in an optical 
scanning device according to a first embodiment of 
the present invention; 

FIG. 2 is a sectional view of the optical 
scanning module of FIG. 1; 
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FIG. 3 is a sectional view of an optical 
scanning device according to a second embodiment of 
the present invention ; 

FIGS. 4A and 4B are perspective views of the 
optical scanning device of FIG. 3; 

FIG. 5 is a sectional view of a color laser 
printer according to a third embodiment of the 
present invention to which printer optical scanning 
devices of the present invention are applied; 

FIG. 6 is a block diagram showing a drive 
control circuit of an LD (semiconductor laser) and a 
movable mirror ; 

FIG. 7 is a diagram showing another scanning 
rate detection mechanism; 

FIG. 8 is a flowchart of a movable mirror 
activation routine; 

FIG. 9 is a diagram showing the way a swing 
angle 6 of a movable mirror varies; 

FIG. 10 is a diagram showing a relationship 
between 9a/90 and a uniform velocity characteristic 
correction ; 

FIG. 11 is a diagram showing the way a pixel 
freguency varies; 

FIGS. 12A and 12B are diagrams showing 
waveforms of a pixel clock signal in a center of an 



-20- 



image and in a periphery of the image, respectively; 

FIG. 13 is an exploded perspective view of a 
galvano-mirror according to the third embodiment ; 

FIG. 14 is an exploded perspective view of 
5 an optical scanning module according to a fourth 
embodiment of the present invention; 

FIG. 15 is a perspective view of an optical 
scanning device to which the optical scanning modules 
according to the fourth embodiment are applied; 
10 FIG. 16 is a perspective view of an optical 

j^jj scanning module according to a fifth embodiment of 

% the present invention ; 

4™ 

_ FIG. 17 is a sectional view of the optical 

«_ scanning module of FIG. 16; 

III 15 FIG. 18 is an exploded perspective view of 

CO an optical scanning device including three optical 

o 

n.| scanning modules arranged in a primary scanning 

direction according to the fifth embodiment; 

FIG. 19 is an exploded perspective view of 
20 an optical scanning module according to a sixth 
embodiment of the present invention; 

FIG. 20 is a sectional view of the optical 
scanning module of FIG. 19; 

FIG. 21 is a block diagram showing a control 
25 circuit of an optical scanning module according to 



the present invention; 

FIG. 22 is a timing chart of detection 
signals output from PDs for beam position detection 
shown in FIG. 18 and wr ite-related timing; 

FIG. 23 is a timing chart showing another 

timing; 

FIGS. 24A and 24B are diagrams showing 
scanning lines of the optical scanning modules on a 
scanned surface of a photosensitive body in 
consideration of a rotation thereof; 

FIG. 25 is a schematic sectional view of a 
digital copier in which an optical scanning device 
according to the present invention is mounted; 

FIG. 26 is a schematic sectional view of a 
laser printer in which an optical scanning device 
according to the present invention is mounted; and 

FIG. 27 is a schematic sectional view of a 
plain-paper facsimile machine in which an optical 
scanning device according to the present invention i 
mounted . 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

A description will now be given, with 
reference to the accompanying drawings, of 
embodiments of the present invention. 
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FIG. 1 is an exploded perspective view of an 
optical scanning module provided in an optical 
scanning device according to a first embodiment of 
the present invention. In FIG. 1, a mirror substrate 
5 102 is formed by first forming a square hole in the 
bottom of a silicon substrate by etching so that a 
frame part of a given thickness and a top plate part 
of a given thickness are formed in the silicon 
substrate and then forming through holes in the top 
' pjj . - 10 plate' part so that a movable mirror 100 and torsion 
bars 101 turnably supporting the movable mirror 100 
*P are formed therein, surrounded by the through holes. 

SI The movable mirror 100 has a mirror surface 

Hi 

s formed of a vapor-deposited metal film in its center 

O 

nj 15 part. Side edge parts of the movable mirror 100 

ry 

gi extending along the torsion bars 101 are formed of 

o 

fll convex and concave parts arranged like comb teeth, 

and form movable electrodes 104. The movable mirror 
100 oscillates in a hollow part or the square hole 

20 formed in the bottom of the mirror substrate 102. An 
electrode substrate 120 has a frame-like shape with a 
through hole formed in the center part thereof. The 
electrode substrate 120 has fixed electrodes 121 
formed on a pair of opposing sides thereof. The 

25 fixed electrodes 121 are formed of convex and concave 
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parts arranged like comb teeth on the opposing sides 
of the electrode substrate 120. The convex and 
concave parts of the fixed electrodes 121 are formed 
so as to be placed over the concave and convex parts 
5 of the movable electrodes 104, respectively, when the 
electrode substrate 120 is joined to the upper 
surface of the mirror substrate 102 so that the fixed 
electrodes 121 opposes the movable electrodes 104 and 
the movable mirror 100 is allowed to oscillate in the 
J; 10 through hole formed in the center of the electrode 

W substrate 120. The area of each of the opposing 

ft! 

I* surfaces of the movable electrodes 104 and the fixed 

03 electrodes 121 is enlarged by forming the movable 

lit 

s electrodes 104 and the fixed electrodes 121 of the 

i=i 

fii 15 convex and concave parts arranged like comb teeth so 

pii 

gt as to reduce a driving voltage for the movable mirror 

p 

«; in this embodiment. 

An opposing mirror substrate formed by 
bonding first and second silicon substrates 105 and 
20 103 together is joined to the upper surface of the 
electrode substrate 120. A wafer sliced off at an 
angle of inclination of approximately 9° to a crystal 
orientation of <110> is employed for the first 
substrate 105. A reflection surface 106 is formed of 
25 a vapor-deposited metal film on a slope formed on the 



first substrate 105 by etching, which slope is 
inclined at 26.3° to the surface of the first 
substrate 105. A wafer sliced off at an angle of 
inclination of approximately 9° to a crystal 
orientation of <111> is employed for the second 
substrate 103. A reflection surface 122 is formed of 
a vapor-deposited metal film on a slope formed on the 
second substrate 103 by etching, which slope is 
inclined at 9° to the surface of the second substrate 
103. As shown in FIG. 2, which is a sectional view 
of the optical scanning module of FIG. 1, the second 
substrate 103 has an opening part 103-1 formed 
therein next to the reflection surface 122 so that a 
light beam travels through the opening part 103-1. 
The reflection surfaces 106 and 122 are provided in a 
pair across the opening part 103-1 from each other at 
an angle of 144.7° to each other. 

A prism 116, which includes an incidence 
surface 116-2 through which the light beam is made 
incident on the prism 116, an emission surface 116-4 
through which the light beam is emitted from the 
prism 116, a reflection surface 116-1 reflecting the 
light beam to the movable mirror 100, and a joint 
surface 116-1, is joined to the upper surface of the 
second substrate 103. As shown in FIG. 2, the light 



beam made incident on the movable mirror 100 at a 
given angle (for instance, at 20°) through the opening 
part 103-1 is reflected from the reflection surface 
106 to be reflected again from the movable mirror 100. 
Then, the light beam is reflected a plurality of 
times between the movable mirror 100 and the 
reflection mirror 122 with its reflection point 
moving in a secondary or sub scanning direction. 
Thereafter, the light beam is made incident again on 
the prism 116 through the opening part 103-1 to be 
emitted from the emission surface 116-4. Thus, by 
repeating reflection a plurality of times, a greater 
scanning angle can be obtained with a smaller swing 
angle of the movable mirror 100. A scanning angle 6 
is given by 

9 = 2NCC 

where N is the number of reflections on the movable 
mirror 100 (N = 5, for instance) and a is a swing 
angle. 

When voltage is applied to one of the fixed 
electrodes 121, an electrostatic attraction is 
generated between the one of the fixed electrodes 121 
and the opposing movable electrode 104 of the movable 
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mirror 100. As a result, the torsion bars 101 are 
twisted so that the movable mirror 100 is inclined 
from a horizontal state up to a state where the 
electrostatic attraction and the twisting force of 
5 the torsion bars 101 are balanced. When the 

application of the voltage is stopped, the movable 
mirror 100 is moved back in the horizontal state by 
the restoration force of the torsion bars 101. When 
the voltage is applied to the other fixed electrode 

£U 10 121, the movable mirror 100 is inclined in the other 

O 

y direction. Thus, the movable mirror 100 oscillates 

«P back and forth or in the opposite turning directions 

03 by periodically switching voltage applications to the 

m 

s fixed electrodes 121 from one to the other. 

fij 15 When a frequency for applying the voltage 

m approaches the natural frequency of the movable 

mirror 100, the movable mirror 100 enters a state of 
resonance so that the oscillation of the movable 
mirror 100 is amplified to be greater than a 
20 displacement caused by the electrostatic attraction, 
causing the swing angle a to be remarkably greater: 
In this embodiment, the natural frequency of the 
movable mirror 100 is set to match a recording rate. 
That is, the thickness of the movable mirror 100 and 
25 the thickness and the length of the torsion bars 101 
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are determined to match the recording rate. 
Generally, the maximum swing angle 60 is given by the 
following expression: 

90 = T/K (K = G-I/L) 

where G is the modulus of elasticity, I is the 
geometrical moment of inertia, L is the length, K is 
the spring constant determined by the length L, and T 
is the torque given by the electrostatic attraction 
of the torsion bars 101 supporting the movable mirror 
100 . 

Further, the resonant frequency fd of the 
movable mirror 100 is given by the following 
expression : 

fd = (K/J) 1/2 

where J is the moment of inertia. 

By using resonance, the movable mirror 100 
is allowed to oscillate with a minute applied voltage 
and reduced heat generation. However, as the 
recording rate becomes higher, the stiffness of the 
torsion bars 101 increases, so that the swing angle a 
is prevented from being obtained. Therefore, the 



scanning angle is enlarged by providing the opposing 
mirrors of the reflection surfaces 106 and 122 so 
that a necessary and sufficient scanning angle may be 
obtained irrespective of the recording rate. 

A support frame 107 is formed of sintered 
metal, and lead terminals 115 are inserted thereinto 
via an insulating material. The support frame 107 
has a joint surface 107-1 on which the mirror 
substrate 102 is mounted, a groove 107-2 which a 
coupling lens 110 is positioned in and bonded to, a 
mounting surface 107-3 on which an LD (laser diode) 
chip 108 is mounted, and a mounting surface 107-4 on 
which a monitor PD (photo diode) chip 109 is mounted. 
The LD chip 108 is formed to extend in a direction 
perpendicular to the joint surface 107-1. The 
monitor PD chip receives a light emitted from the 
backside of an LD of the LD chip 108. The groove 
107-2 has its opposing sidewalls inclined with 
respect to the joint surface 107-1 as shown in FIG. 

The coupling lens 110 is shaped like a 
cylinder having longitudinal parts cut off so that 
two opposing planes {or cut surfaces) are formed on 
its longitudinal surface. The coupling lens 110 
includes a first surface that is an axially 
symmetrical aspheric surface and a second surface 
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that is a cylinder surface having a curvature in the 
secondary scanning direction indicated by arrow Y in 
FIG. 1. The groove 107-2 has its width and the angle 
or inclination of each of its sidewalls determined so 
that the optical axis of the coupling lens 110 meets 
the light emission point of the LD chip 108 when the 
outer round surface (longitudinal surface) of the 
coupling lens 110 contacts the groove 107-2. The 
coupling lens 110 is adjusted in the direction of the 
optical axis so that a divergent bundle of rays 
emitted from the LD chip 108 becomes a bundle of 
parallel rays in a primary or main scanning direction 
indicated by arrow X in FIG. 1 and a convergent 
bundle of rays that converges on the surface of the 
movable mirror 100 in the secondary scanning 
direction. Thereafter, the coupling lens 110 is 
bonded and fixed to the groove 107-2. The cut 
surfaces are formed parallel to the generating line 
of the cylinder surface, and the coupling lens 110 is 
positioned centered on the optical axis so that the 
generating line is horizontal with the support frame 
107 . 

A film serving as an aperture mask for 
shaping the light beam traveling through the coupling 
lens 110 so that the light beam has a given diameter 



is formed on the incidence surface 116-2 of the prism 
116. The light beam traveling through the prism 116 
and reflected from the movable mirror 100 for 
scanning is emitted upward through the emission 
surface 116-4. 

A cover 111 is formed of a sheet metal to 
have a cap-like shape. The cover 111 has an opening 
through which the light beam is emitted. A glass 
plate 112 is joined to the opening from the inside of 
the cover 111. The cover 111 is fitted to a step 
part 107-6 formed on the periphery of the support 
frame 107 so as to protect the LD chip 108 and the 
mirror substrate 102 in an airtight condition. The 
LD chip 108, the monitor PD chip 109, and the fixed 
electrodes 121 are connected to ends of the 
corresponding lead terminals 115 by wire bonding, the 
ends protruding upward from the support frame 107. 

FIG. -3 is a sectional view of an optical 
scanning device according to a second embodiment of 
the present invention. FIGS. 4A and 4B are 
perspective views of the optical scanning device of 
FIG. 3. First through third optical scanning modules 
200a through 200c according to the above-described 
configuration are arranged in the primary scanning 
direction on a printed board 201 on which electronic 



components forming the driving circuits of the LDs 
and the movable mirrors 100 of the optical scanning 
modules 200a through 200c are mounted. In mounting 
the optical scanning modules 200a through 200c on the 
printed board 201, each of the support frames 107 has 
its bottom surface contacting the printed board 201 
with the lead terminals 115 protruding downward from 
its bottom surface being inserted into corresponding 
through holes formed in the printed board 201. Then, 
the optical scanning modules 200a through 200c are 
positioned on the printed board 201 with respect to 
each other within the clearances of the through holes, 
and are temporarily fixed to the printed board 201. 
Thereafter, like the other electronic components, the 
optical scanning modules 200a through 200c are 
soldered and fixed to the printed board 201 at one 
time . 

The printed board 201 supporting the optical 
scanning modules 200a through 200c contacts a housing 
202 so as to close a lower opening thereof, and is 
held between pairs of snap claws 202-1 formed 
integrally with the housing 202. The printed board 
201 has indentations that engage the widths of the 
snap claws 202-1 so that the printed board 201 is 
positioned in the primary scanning direction. 
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Further, hook-like lock parts 206 formed on the snap 
claws 202-1 engage the edges of the printed board 201 
so that the printed board 201 is positioned in the 
secondary scanning direction. The lock parts 206 are 
5 bent to be disengaged from the printed board 201 so 
that projections 205 press down the upper end of the 
printed board 201. Thereby, the printed board 201 is 
easily separated from the housing 202. 

The housing has an opening part 202-4 
jf 10 through which light beams are emitted. Formed inside 

P the housing 202 are a positioning surface on which 

JS first through third scanning lenses 203a through 203c 

S are arranged and fixed in the primary scanning 

s " direction, a positioning part holding first through 

3 15 third scanning lenses 204a through 204c, and a 

holding part holding first through fourth 
^ synchronization mirrors 208a through 208d. The 

scanning lenses 203a through 203c and 204a through 
204c and the synchronization mirrors 208a through 
20 208d form an imaging part. In this embodiment, the 

first through third scanning lenses 204a through 204c 
for the optical scanning modules 200a through 200c 
are formed integrally with each other of resin, and 
the first through fourth synchronization mirrors 208a 
25 through 208d are formed of a high-luminance aluminum 
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plate and connected to each other. The first through 
third scanning lenses 204a through 204c and the first 
through fourth synchronization mirrors 208a through 
208d are fitted into the opening part 202-4 of the 
5 housing 202 from the outside thereof so as to be 

attached to the bottom side. Projections 202-3 are 
formed in the center part of the opening part 202-4 
to engage concave parts 204-1 formed in the center 
part of the integrally formed first through third 

10 scanning lenses 204a through 204c and concave parts 
208-1 formed in the center part of the connected 
first through fourth synchronization mirrors 208a 
through 208d. Thereby, the first through third 
scanning lenses 204a through 204c and the first 

15 through fourth synchronization mirrors 208a through 

208d are positioned in the primary scanning direction. 
The first through third scanning lenses 204a through 
204c and the first through fourth synchronization 
mirrors 208a through 208d are positioned in the 

20 secondary scanning direction by being pressed onto 
one end of the opening part 202-4. 

Each of the scanning lenses 203a through 
203c has a projection 203-1 for positioning formed on 
one longitudinal side thereof in the primary scanning 

25 direction. The projections 203-1 of the scanning 



lenses 203a through 203c are inserted into 
corresponding engagement holes 202-2 formed at equal 
intervals on the surface of the housing 202 so that 
the scanning lenses 203a through 203c are positioned 
with respect to each other in the primary scanning 
direction. At the same time, the scanning lenses 
203a through 203c have their bottom surfaces in the 
secondary scanning direction contacting a bonding 
surface so as to be positioned in the secondary 
scanning direction. The bonding surface is provided 
so that the heights of the scanning lenses 203a 
through 203c are on a level with one another. 

PIN photo diodes are employed as first 
through fourth synchronization detection sensors 209a 
through 209d. The second and third synchronization 
detection sensor 209b and 209c are mounted in 
positions between the optical scanning modules 200a 
and 200b and 200b and 200c on the printed board 201 
so as to be shared by the optical scanning modules 
200a and 200b and 200b and 200c, respectively. The 
first and fourth synchronization detection sensors 
209a and 209d are mounted in positions between the 
first optical scanning module 200a and one end of the 
printed board 201 and the third optical scanning 
module 200c and the other end of the printed board 
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201, respectively, on the printed board 201. Thus, 
the light beam can be detected on the scanning-start 
side and the scanning-end side of each of the optical 
scanning modules 200a through 200c. The first 
5 through fourth synchronization mirrors 208a through 
208d are provided in positions corresponding to the 
synchronization detection sensors 209a through 209d. 
Each of the synchronization mirrors 208b and 208c has 
two reflection surfaces joined at a certain angle so 
10 as to reflect the light beam from the scanning-end 

9 

O side of one of the adjacent optical scanning modules 

■P 200a and 200b (or 200b and 200c) and the light beam 

03 from the scanning-start side of the other of the 

ifl 

s adjacent optical scanning modules 200a and 200b (or 

pi 15 200b and 200c) toward the common synchronization 

T detection sensor 209b (or 209c) . The synchronization 

~{ mirrors 208a and 208d each have a single reflection 

surface so as to reflect the light beams from the 
scanning modules 200a and 200d toward the 
20 synchronization detection sensors 209a and 209d, 
respectively . 

Power is supplied to and data signals are 
transmitted to and from the optical scanning modules 
200a through 200c all through a connector 210. L- 
25 shaped positioning members 211 each having a contact 



surface 211-1 that fits a cylindrical surface 215 
provided concentrically with a later-described 
photosensitive body drum 220 on a cartridge holding 
the photosensitive body drum 220 are attached to both 
primary-directional sides of the housing 202. Each 
of the positioning members 211 is screwed to 
projection parts 212 of the housing 202, and then has 
an attachment surface 211-2 thereof attached via a 
spring 214 to a pin 213 provided to the frame of the 
main body of the optical scanning device. Therefore, 
the positioning members 211 are constantly pressed 
onto the cartridge, so that the optical scanning 
modules 200a through 200c can be positioned 
positively with respect to the photosensitive body 
drum 220 at one time. 

FIG. 5 is a sectional view of a color laser 
printer according to a third embodiment of the 
present invention to which printer the optical 
scanning devices of the present invention are applied. 

An optical scanning device 52-0 according to 
the above-described configuration and a process 
cartridge 500 are positioned for each of colors 
(yellow, magenta, cyan, and black) and provided in 
series in a paper-conveying direction indicated by 
arrow in FIG. 5 in the color laser printer. A paper 



sheet is supplied from a paper feed tray 506 by a 
paper feed roller 507, and fed in timing with 
printing by a registration roller 508. Then, the 
paper sheet is conveyed in the paper-conveying 
direction on a conveyer belt 511. A toner image of 
each color formed by an electrostatic attraction is 
transferred to the paper sheet when the paper sheet 
passes each photosensitive body drum (an image 
holding body) 501 so that the color images are 
successively superimposed one over the other to be 
fixed on the paper sheet by a fixing roller 509. 
Then, the paper sheet is ejected onto a paper 
ejection tray 510 by a paper ejection roller 512. 
The process cartridges 500 are different only in 
toner color, and are egual in configuration. 
Provided around each photosensitive body drum 501 is 
a charging roller 502 that charges the photosensitive 
body drum 501 with a high voltage, a developing 
roller 503 that forms a visible image by attaching 
charged toner to an electrostatic latent image 
recorded by the optical scanning device 520, a toner 
hopper 504 storing the toner, and a cleaning case 505 
scraping and storing residual toner on the 
photosensitive body drum 501 after the toner image is 
transferred to the paper sheet. 



Each optical scanning device 520 forms one 
line by connecting the scanning lines of the optical 
scanning modules 200a through 200c, and performs 
printing by dividing all dots whose total number is L 
into three groups of dots 1 through LI, dots Ll+1 
through L2 , and dots L2+1 through L and allocating 
the three groups of the dots to an image from its 
starting end. In this embodiment, the number of 
allocated dots (for instance, Ll) to each group is 
different in each color so that the joints of the 
scanning lines of one color are prevented from being 
formed on the joints of the scanning of another color 
in the same one line. 

FIG. 6 is a block diagram showing a drive 
control circuit of the LD (semiconductor laser) and 
the movable mirror. In FIG. 6, the scanning 
frequency fd is varied in a frequency setting part 
307 in accordance with the resonant frequency of a 
movable mirror 302. Pulse-like voltages are applied 
from a voltage control part 308 to fixed electrodes 
305 and 306 via electrode driving parts 309 and 310 
with a phase difference of a half period. Thereby, 
the movable mirror 302 oscillates by resonance. 

In this embodiment, while the swing angle of 
the movable mirror 302 changes from 00 to -GO with the 
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movable mirror 302 moving in a forward direction, 
image recording is performed during a period between 
9s and -0s (0 < 9s < 90) . While the swing angle of 
the movable mirror 302 changes from -90 to 00 with the 
movable mirror 302 moving in a reverse direction, 
image recording is suspended. In other words, image 
recording is performed every other cycle of the 
scanning freguency f d . Here, 90 is set to 5°, and 
9s/0O is set to 0.7. An LD 301 is turned on when 
voltage application to the fixed electrode 305 is 
stopped. A synchronization detection sensor 303 
detects a light beam to generate a synchronization 
detection signal. Recording start timing is 
determined based on the synchronization detection 
signal. During a wait for image recording, lowered 
or no voltage is applied to any of the fixed 
electrodes 305 and 306 to reduce power consumption, 
thereby reducing the amplitude or the swing angle 
(and noise as well) of the movable mirror 302. 
During this period, no synchronization detection 
signal is generated. 

When a power is turned on or image recording 
is started, the voltage applied from the voltage 
control part 308 to each of the fixed electrodes 305 
and 306 is gradually increased to increase an 
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electrostatic attraction gradually until the 
synchronization detection signal is obtained from the 
synchronization detection sensor 303. Thereby, the 
amplitude of the movable mirror 302 is gradually 
5 increased. When the level of the synchronization 
detection signal reaches a given value, increasing 
the voltage applied to each of the fixed electrodes 
305 and 306 is stopped. By gradually increasing the 
amplitude of the movable mirror 302, an excessive 

U 

pi 10 rotational force is prevented from being applied 

i~ thereto, thus preventing the movable mirror 302 from 

being damaged. 

~jf Synchronization detection is performed when 

the swing angle is 60 or close thereto. A termination 
[I! 15 end detection sensor 304 is provided to detect the 

BJ light beam reflected from the movable mirror 302 when 

f|| the swing angle thereof is -00 or close thereto. The 

termination end detection sensor 304 detects the 
light beam at the end of a scan and generates a 
20 termination end detection signal. A time difference 
between the termination end detection signal and the 
synchronization detection signal supplied from the 
synchronization detection sensor 303, that is, 
scanning time, is calculated in a ' calculation part 
25 316. The voltage applied to the fixed electrode 305 
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is increased or decreased so that the time difference 
has a given value, thereby correcting a variation in 
the amplitude of the movable mirror 302 caused by a 
shift of the resonant frequency due to a change in 
5 ambient temperature. The scanning time may be 
detected only with the detection signal of the 
synchronization detection sensor 303 without 
providing the termination end detection sensor 304. 
Obviously, another optical detection sensor may be 
10 provided for detection of the scanning time. 
5 Detection of the scanning time is only 

m 

4^ acquisition of a substitute characteristic for 

4* 

Si detecting the amplitude (the maximum displacement) of 

m 

? the movable mirror 302. The amplitude may be 

jy 15 detected with another characteristic. For instance, 

m FIG. 7 shows another scanning rate detection 

j«y mechanism. A coil 602 is patterned on the bottom 

side of a movable mirror 601, and interconnection 
lines extend from torsion bars 605. Permanent 
20 magnets 603 and 604 are provided on both sides of the 
torsion bars 605 outside the movable mirror 601 so 
that the north poles of the permanent magnets 603 and 
604 oppose the south poles of the permanent magnets 
604 and 603, respectively. According to this 
25 configuration, an electric current flows through the 
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coil 602 when the movable mirror 601 is inclined, and 
this electric current is detected. 

Referring back to FIG. 6, after these 
settings are completed, a write control part 311 
performs sequence control so that the LD 301 is 
allowed to light in a recording region. At the same 
time, when the detection signals are not obtained 
from the synchronization detection sensor 303 and the 
termination end detection sensor 304 or the scanning 
time falls short of the given value although the 
applied voltage exceeds a predetermined limit value, 
the write control part 311 outputs an error signal so 
as to stop applying the voltage to each of the fixed 
electrodes 305 and 306, thereby preventing more 
emission of the light beam to the outside of the 
optical scanning device 520 than is required. In 
this embodiment, since the optical scanning device 
520 includes the three optical scanning modules 200a 
through 200c, a printing operation is started only 
after it is confirmed in each of the optical scanning 
modules 200a through 200c that the detection signals 
are obtained from the synchronization detection 
sensor 303 and the termination end detection sensor 
304 and the scanning time reaches the given value 
before the applied voltage exceeds the predetermined 
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limit value. 

Accordingly, since the light beam is emitted 
from the optical scanning module 520 only when the 
light beam is emitted from the LD 301 for scanning, a 
5 human body is prevented from being exposed to the 
light beam even if the movable mirror 302 has a 
failure. Further, an excessive rotational force is 
prevented from being applied to the movable mirror 
302 in a failed state, thereby preventing heat 
10 generation. This prevents the burnout of peripheral 
P circuits. 

J2 FIG. 8 is a flowchart of a movable mirror 

m activation routine started by the voltage control 

Jf' part 308 and the write control part 311 when the 

Hi 15 movable mirror 302 is in a wait state or the power is 

turned on. In step S10 of FIG. 8, the voltage 
control part 308 increases the voltage applied to 
each of the fixed electrodes 305 and 306 by a minute 
voltage dV . In step S12, the scanning time 
20 calculated from the detection signals supplied from 
the synchronization detection sensor 303 and the 
termination end detection sensor 304 is read from the 
calculation part 316. 

Next, in step S14, it is determined whether 
25 the scanning time reaches the given reference value. 
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If the scanning time falls short of the given 
reference value, in step S16, the number of times the 
voltage is increased (the number of voltage 
increases) is counted. In step S18, it is determined 
whether the amount of increase in the voltage (the 
amount of voltage increase) is smaller than or egual 
to the' given value corresponding to the limit value 
of the voltage. If it is determined in step S18 that 
the amount of voltage increase is smaller than or 
equal to the given value, step S10 is performed so 
that the voltage applied to each of the fixed 
electrodes 305 and 306 is increased by the minute 
voltage dV. 

If it is determined in step S14 that the 
scanning time reaches the given reference value, in 
step S20, a write-enabling signal is generated so 
that the LD 301 is allowed to light in the recording 
region and a message is transmitted to the optical 
scanning modules 200 (for instance, 200a) . Then, 
this operation ends. 

If the amount of voltage increase exceeds 
the given value and the voltage applied to each of 
the fixed electrodes 305 and 306 has reached the 
limit value, in step S22, application of the voltage 
to each of the fixed electrodes 305 and 306 is 
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stopped, and in step S24, the LD 301 is turned off. 
Thereafter, in step S26, the error signal is 
generated so that an error message is transmitted to 
each of the other optical scanning modules 200 (for 
instance, 200b and 200c) . Then, this operation ends. 
Thereby, a soft start is^ made so that the amplitude 
of the movable mirror 302 remains equal in accordance 
with environmental circumstances and no damage is 
caused by a sudden voltage application. 

The movable mirror 302 oscillates by 
resonance so that the swing angle 9 varies 
sinusoidally as shown in FIG. 9. That is, the 
scanning rate is high at the center of an image and 
low at the periphery thereof, which is represented by 
the following expression: 

0 = 90-sin27lfd-t (-l/4fd < t < l/4fd) 

where fd is the scanning frequency.. 

On the other hand, it is required to print 
dots in the primary scanning direction at equal 
intervals on the surface of the photosensitive body 
drum, which surface is to be scanned. Therefore, the 
scanning lenses 203 and 204 are required to have 
focusing characteristics that correct the direction 



of the light beam so that a scanning distance per 
unit scanning angle dH/dG is proportional to sin~ x 0/0O, 
that is, the scanning distance per unit scanning 
angle dH/d0 is smaller in the center of the image and 
becomes greater at an accelerating pace toward the 
periphery of the image. Further, as the swing angle 
of the movable mirror 302 becomes greater, the 
amplitude of the movable mirror 302 deviates from an 
ideal sinusoidal oscillation, and is prone to be 
affected by air resistance as the movable mirror 302 
approaches an opposing surface. 

However, as a ratio of an effective swing 
angle 0a to the maximum swing angle 00 becomes higher, 
a correction should be increased considerably against 
deceleration of the scanning rate dH/dt in the 
periphery of the image. This requires a scanning 
lens to have a rate of change in its index of 
refraction for moving farther its focusing point 
increased over a part from the center to the 
periphery of the scanning lens. This causes the 
scanning lens to have a curved shape whose thickness 
varies greatly, although this makes it difficult to 
process the scanning lens itself into such a shape 
even by resin molding having a relatively high 
latitude. Further, a beam spot is caused to become 
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greater in diameter in the periphery of the image so 
as to vary greatly during one scan. FIG. 10 shows a 
relationship between 9a/80 and a uniform velocity 
characteristic correction. 

Therefore, in this embodiment, correction in 
the scanning lenses 203 and 204 is limited to a 
proper amount, while correction is also provided by 
varying the print position (phase) of each dot and 
the pulse width of the frequency of a pixel clock 
signal fk (a pixel frequency) by varying the pixel 
frequency step by step in the primary scanning 
direction. The pixel frequency is the modulation 
frequency of the LD 301. According to this, by 
considering dH/d6 as an amount proportional to 9, the 
scanning lenses 203 and 204 may be so-called f-9 
lenses, for instance, thereby performing correction. 
Of a required correction, a part made by the scanning 
lenses 203 and 204 and a part made by the pixel clock 
signal fk can be set to any ratio. 

By successively reading out frequency 
variation data prestored in a memory 312 shown in FIG. 
6 by using the synchronization detection signal as a 
trigger under the control of the write control part 
311, the pixel signal is varied so that the pixel 
frequency monotonously increases from a low frequency 



value fl to a high frequency value fh as a scanning 
point moves from the periphery of the image toward 
the center thereof and decreases from the high 
frequency value fh to the low frequency value fl as 
the scanning point moves from the center of the image 
toward the periphery thereof. FIG. 11 shows the way 
the pixel frequency varies. Thereby, the pixel clock 
signal fk has a longer pulse width in the center of 
the image as shown in FIG. 12A and a shorter pulse 
width in the periphery of the image as shown in FIG. 
12B. The rise timing of the pulse of the pixel clock 
signal fk of FIG. 12A is delayed compared with that 
of the pulse of FIG. 12B. This is because the pulse 
width of the pixel clock signal fk gradually becomes 
longer as the scanning point moves from the center of 
the image toward the periphery thereof. Here, the 
pixel frequency is set to vary in symmetry with 
respect to the center of the image, but may vary 
asymmetrically since the frequency variation data is 
provided separately to each of the right and left 
regions of the image from the center thereof. 

In a scan using the movable mirror 302, the 
scanning rate is higher at the center of the image 
and lower at the periphery of the image as shown in 
FIG. 9. In this embodiment, however, the high pixel 
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frequency fh having a shorter pulse width at the 
center of the image is offset by the low pixel 
frequency fl having a longer pulse width in the 
periphery of the image so that the scanning rate is 
substantially the same in the entire region of the 
image from the center to the periphery thereof. 

A description will be given, with reference 
to FIG. 6, a method of varying the pixel frequency. 
A pulse-width formation part 313, based on a 
frequency division ratio M given as the frequency 
variation data, counts clock cycles of a frequency- 
divided clock signal obtained by dividing a reference 
clock signal fO by M, and forms a pulse of a width 
equivalent to k clock cycles (k = any integer) . The 
frequency-divided clock signal has a frequency of 
fO/M. The pulse-width formation part 313 repeatedly 
performs this operation so as to output a PLL (phase- 
locked loop) reference signal fa having a frequency 
of k-fO/M that varies step by step' in the primary 
scanning direction. 

In a PLL circuit 314, the phases of the PLL 
reference signal fa and the pixel clock signal fk are 
compared. If there is a difference between the 
phases, the frequency of the pixel clock signal fk is 
changed and then supplied to the write control part 
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311, the pulse-width formation part 313, and an LD 
driving part 315. The write control part 311, 
supplied with the synchronization detection signal 
from the synchronization detection sensor 303, starts 
5 counting clock cycles of the PLL reference signal fa 
of the low frequency f 1 . Then, the write control 
part 311 generates and activates an address 
corresponding to the count value, and reads out the 
frequency variation data from the memory 312. As a 
h* 10 result, the frequency variation data read out from 

O the memory 312 varies from a count nO as shown in FIG. 

00 

,p 11. At a count ns, the write control part 311 reads 

m out image data serially in synchronization with the 

LP 

5 " pixel clock signal and supplies the image data to the 

G9 

Sj 15 LD driving part 315. 

Here, the frequency of the pixel clock 

yy 

~. signal is given as k- (reference clock fO / frequency 

division ratio M) . A region Z where the pixel clock 
signal varies is set to be wider than an image- 

20 recording region S by approximately 100 pixels on 
each end of the region S in the primary scanning 
direction. In accordance with this setting, the low 
frequency value fl is set to be lower than the value 
of the frequency of the pixel clock signal fk at each 

25 end of the image-recording region S. Thereby, the 
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image-recording region S can be shifted by varying 
the count value ns for a period from the 
synchronization detection to the start of image 
recording . 

Accordingly, the ends of the image recording 
regions S never go beyond the pixel frequency 
variation region Z. Therefore, high-quality image 
formation without image distortion can be performed. 
Further, in the case of forming an optical scanning 
device of a plurality of optical scanning modules, 
the scanning lines of each adjacent two of the 
optical scanning modules can be connected without 
causing image distortion at the connection point. 

Further, by uniformly adding a correction 
number to the frequency division ratio M, the 
frequencies of the high and low frequency values fh 
and fl can be shifted with a frequency width fh-fl 
between the high and low frequency values fh and fl 
being maintained. Thereby, a variation in the 
resonant frequency of the movable mirror 302 and a 
change in an image recording width caused by an error 
in the shape of the scanning lens 203 or 204 can be 
corrected without any partial distortion by uniformly 
varying the cycle of each pixel (1/fk) . At this 
point, an accumulated period of time of the pixels, 
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that is , T = Z(k/fk) where k is the number of counted 
clock cycles or a clock count value, also varies. 
Therefore, the frequency variation data at the center 
of the image is set to coincide always with a time at 
which the movable mirror 302 is parallel to the 
mirror substrate 102 by changing the count value nO 
for a period from the synchronization detection to 
the start of the change of the frequency of the pixel 
clock signal. 

An energy E for exposing the photosensitive 
drum body 501 is expressed as P/fk where P is a beam 
intensity. Therefore, by supplying the frequency 
variation data based on which the pixel frequency 
varies to a D/A converter 317 and supplying the 
frequency variation data further to the LD driving 
part 315 via a voltage/current conversion circuit 318, 
a driving current for the 'LD 301 is varied so that 
the beam intensity P also varies step by step in the 
primary scanning direction. In this embodiment, the 
beam intensity P varies to be high at the center of 
the image and low at the periphery of the image. 

Thus, a difference between light-emission 
periods at the time of varying the pixel frequency 
can be compensated for by the beam intensity P so 
that exposure energies per pixel can be equalized. 
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Thereby, high-quality image formation without 
unevenness in density can be performed and image 
quality can be increased. Further, the number of 
optical scanning modules used in forming an optical 
scanning device can be decreased to lower power 
consumption . 

The above-describe drive control of the LD 
301 and the movable mirror 302 is performed 
separately in each of the optical scanning modules 
200a through 200c forming the optical scanning device 
520. With respect to driving of each movable mirror 
302, the movable mirrors 302 are driven with the 
scanning frequencies fd having a phase difference of 
a half period in each adjacent two of the optical 
scanning modules 200a through 200c so that image 
recording starts in the optical scanning module 200 
on the scanning downstream side (for instance, the 
optical scanning module 200b) with a delay of the 
half period of the scanning frequency fd from the 
start of image recording in the optical scanning 
module on the scanning upstream side (for instance, 
the optical scanning module 200a) . Thereby, image 
recording starts in the downstream-side optical 
scanning module 200 at the same time that image 
recording ends in the upstream-side optical scanning 
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module 200. 

In the above-described embodiment, an 
electrostatic attraction is generated to drive the 
movable mirror 302. However, according to the above- 
5 described configuration, the movable mirror 302 may- 
be a galvano-mirror driven by an electromagnetic 
force generated by applying voltage to a coil formed 
thereon so that lines of magnetic force extend in a 
direction crossing torsion bars, or the movable 

M" 10 mirror 302 may be driven by a method that directly 

Pi 

□ generates a displacement in a movable mirror by 

applying voltage to piezoelectric elements coupled to 
pn torsion bars . 

FIG. 13 is an exploded perspective view of a 
5f 15 galvano-mirror according to this embodiment. In FIG. 

1^ 13, a holding member 903 has a rotary shaft 902 

formed therein. A mirror 901 is joined to the top 
surface of the holding member 903, and a coil 904 is 
joined to the bottom surface thereof. Bearings 906 
20 are held aligned on a yoke 907 by leaf springs 905 to 
turnably support the rotary shaft 902. 

The yoke 907 is supported on a base member 
910, and a magnet 909 is joined to a joint surface 
910-1 of the base member 910 with its poles being 
25 properly oriented. Thereby, the magnet 909 and the 



yoke 907 are provided inside and outside the coil 904 
without any contact therewith, respectively. With 
respect to a line of magnetic force indicated by 
arrow in FIG. 13, an electromagnetic force is 
generated by supplying an electric current I to one 
end of the coil 904, so that the mirror 901 is 
inclined in a given direction. By switching the 
polarities of the electric current, the mirror 901 
oscillates in opposite turning directions. 

In this embodiment, the optical scanning 
device 520 includes the three optical scanning 
modules 200a through 200c. However, the number of 
optical scanning modules is not limited to three, and 
the optical scanning device 520 may increase or 
decrease the number in accordance with the recording 
width of an imaging apparatus (the color laser 
printer) . 

FIG. 14 is an exploded perspective view of 
an optical scanning module according to a fourth 
embodiment of the present invention. In FIG. 14, a 
mirror substrate 1103 is composed of upper and lower 
silicon substrates, which are bonded to each other 
with an insulating layer formed therebetween. A 
movable mirror 1100 and torsion bars 1101 turnably 
supporting the movable mirror 1100 are formed by 



etching in the upper silicon substrate with through 
holes being formed therearound. A hole part is 
formed inside the lower silicon substrate by etching 
so that the lower silicon substrate has a frame-like 
shape. The hole part forms an oscillation space for 
the movable mirror 1100.. 

Side edge parts of the movable mirror 1100 
extending along the torsion bars 1101 are formed of 
convex and concave parts arranged like comb teeth, 
and form movable electrodes 1102 with a metal film 
being vapor-deposited on the convex and concave parts. 
A metal film is vapor-deposited on the upper surface 
of the movable mirror 1100 so that a mirror surface 
is formed thereon. Further, on a frame part opposing 
the movable electrodes 1102, comb teeth-like convex 
and concave parts are formed, with a metal film being 
vapor-deposited thereon, as fixed electrodes 1104 
opposing and engaging the movable electrodes 1102. 

When voltage is applied to one of the fixed 
electrodes 1104, an electrostatic force is generated 
between the opposing one of the movable electrodes 
1102 of the movable mirror 1100 to twist and turn the 
torsion bars 1101. By applying the voltage 
alternately to the two fixed electrodes 1104, the 
movable mirror 1100 oscillates in opposite turning 
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directions. Here, when the frequency of the applied 
voltage approaches the resonant frequency of the 
movable mirror 1100, the movable mirror 1100 has its 
amplitude enlarged by resonance. Each of the movable 
electrodes 1102 and the fixed electrodes 1104 is 
shaped like comb teeth to have as long a peripheral 
length as possible for the purpose of enlarging its 
electrode surface. Thereby, a greater electrostatic 
torque can be obtained by a low voltage. 

A support base body 1105 has a pedestal part 
1110 formed integrally therewith of a sintered metal. 
A plurality of terminals 1108 are provided to 
penetrate the support base body 1105 and the pedestal 
part 1110 and be held therein with insulating 
materials being provided between the terminals 1108 
and the support base body 1105 and the pedestal part 
1110. The mirror substrate 1103 is joined to the 
pedestal part 1110, and the fixed electrodes 1104 are 
wire-bonded to the upper ends of the terminals 1108. 
The lower ends of the terminals 1108 are inserted 
into and soldered fixedly to through holes of a 
circuit board for electrical connection when the 
optical scanning module is mounted thereon. 

A V-shaped notch 1109 is formed in each of 
opposing sides of the support base body 1105. At the 



time of production, the clamp mechanism of an 
adjustment device (not shown in the drawing) may hold 
the support base body 1105 by the notches 1109 and 
two-dimensionally move the support base body 1105. 
Thereby, the support base body 1105 may be moved and 
inclined in the secondary scanning direction to be 
positioned so that the scanning line of the optical 
scanning module is aligned with that of an adjacent 
optical scanning module. Thereafter, the support 
base body 1105 may be soldered to the circuit board. 

A box-like cover 1106 having a window 1107 
for letting through a light beam formed therein is 
attached to the outer edge of the pedestal part 1110 
in an inert gas so that the inert gas is sealed 
inside the optical scanning module. By selecting a 
gas of low viscous drag as the inert gas or creating 
a depressurized condition inside the optical scanning 
module, the movable mirror 1100 may be turned with a 
lower load. 

FIG. 15 is a perspective view of an optical 
scanning device to which the optical scanning modules 
according to the fourth embodiment are applied. In 
FIG. 15, optical scanning modules 1201 through 1203 
are arranged at equal intervals on a circuit board 
1204 with the same scanning direction. The driving 
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circuits of a semiconductor laser 1205 and the 
movable mirror 1100 of each of the optical scanning 
modules 1201 through 1203 are formed on the circuit 
board 1204. Sensors 1211 are provided on both sides 
of each of the scanning modules 1201 through 1203 in 
the primary scanning direction. The sensor 1211 
provided between the adjacent optical scanning 
modules 1201 and 1202 are shared thereby, and 
generates detection signals in a time series at the 
termination end of a scan by the optical scanning 
module 1201 and the starting end of a scan by the 
optical scanning module 1202. The sensor provided 
between the adjacent optical scanning modules 1202 
and 1203 functions in the same way therebetween. 

In each of the optical scanning modules 1201 
through 1203, the semiconductor laser 1205, a 
coupling lens 1206, and first and second lenses 1207 
and 1208 forming a scanning optical system are 
provided and fixed to a housing (not shown in the 
drawing) so as to have the same optical axis on a 
section in the secondary scanning direction including 
the rotary shaft of the movable mirror 1100. The 
adjacent second lenses 1208 are formed integrally 
with a box-like rib. 

Each of the semiconductor lasers 1205 is a 
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general-purpose device packaged with a light emission 
source and a monitoring photo diode, and has its lead 
terminal connected to the circuit board 1204 by a 
flexible cable 1212. 

A light beam emitted from each semiconductor 
laser 1205 is caused by the coupling lens 1206 to be 
a bundle of substantially parallel rays in the 
primary scanning direction and a convergent bundle of 
rays that converges on the surface of the movable 
mirror 1100 in the secondary scanning direction. The 
coupling lens 1206 includes a first surface that is 
an axially symmetrical aspheric surface and a second 
surface that is a cylinder surface having a curvature 
in the secondary scanning direction. The light beams 
are inclined in the secondary scanning direction to 
the normal line of the movable mirror 1100 to be 
incident on the optical scanning modules 1201 through 
1203. Then, the light beams are deflected to be 
emitted therefrom. The emitted light beams are 
focused on a scanned surface by the scanning optical 
systems so that image recording is performed. 

Synchronization mirrors 1210 formed of a 
high-luminance aluminum plate are provided in 
positions where the emitted light beams pass right 
before entering the second lenses 1208. Each of the 



synchronization mirrors 1210 includes at least one 
reflection surface formed on one primary-directional 
end of each of openings for restricting a scanning 
region of each light beam. The reflection surfaces 
are bent at a certain angle so as to reflect the 
light beams on the starting and termination ends of 
each scan. The light beams reflected form the 
synchronization mirrors 1210 are detected by the 
sensors 1211. Like the second lenses 1208, the 
adjacent synchronization mirrors 1210, are integrally 
formed with each other. 

In the optical scanning device according to 
this embodiment, where the optical scanning modules 
1201 through 1203 of the configuration of FIG. 14 are 
provided, the adjacent scanning regions are connected, 
so that image recording can be performed by dividing 
the image data of one line. Each of the 
semiconductor laser 1205 is supplied with a 
modulation signal with a pixel frequency varying with 
time during one scan from a corresponding write 
control part after a given period of time passes 
since an angular displacement of the movable mirror 
1100 is detected by a detection signal generated by 
the sensor 1211 provided on the scanning starting-end 
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The LD 301 forms a light-emission source, 
the fixed electrodes 305 and 306 and the frequency 
setting part 307, the voltage control part 308, and 
the electrode driving parts 309 and 310 form a 
movable mirror driving part, the synchronization 
detection sensor 303 form a detection part, the write 
control part 311, the memory 312, the pulse-width 
formation part 313, and the PLL circuit 314 form a 
variable frequency setting part, and the memory 312, 
the D/A converter 317, and the voltage/current 
conversion circuit 318 form a variable output setting 
part of the present invention. 

FIG. 16 is a perspective view of an optical 
scanning module according to a fifth embodiment of 
the present invention. FIG. 17 is a sectional view 
of the optical scanning module of FIG. 16. The 
optical scanning module according to this embodiment 
has a movable mirror 2100 driven by an electrostatic 
attraction. In FIGS. 16 and 17, a mirror substrate 
2106 is formed by combining first and second silicon 
(Si) substrates 2102 and 2103. The first Si 
substrate 2102 is etched so that the movable mirror 
2100 and torsion bars 2101 turnably supporting the 
movable mirror 2100 are formed therein, being 
surrounded by through holes. The mirror surface of 
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the movable mirror 2100 is formed by vapor-depositing 
a metal film on the center part thereof. Opposing 
end parts of the movable mirror 2100 parallel to the 
torsion bars 2101 are formed to have convex and 
5 concave parts arranged like comb teeth. The convex 
and concave parts form movable electrodes 2104. The 
second Si substrate 2103 has a concave part for 
serving as an oscillation space for the movable 
mirror 2100 formed therein. The concave part has a 

10 trapezoidal cross section as shown in FIG. 17. 

Convex and concave parts are alternately formed like 
comb teeth at intervals of tens of microns (|Jm) on the 
opposing slopes of the concave part so as to 
correspond to the concave and convex parts of the 

15 movable electrodes 2104, respectively, when the first 
Si substrate 2102 is attached on the second Si 
substrate 2103, which forms a support base for the 
movable mirror 2100. The convex and concave parts 
formed on the slopes of the concave part of the 

20 second Si substrate form fixed electrodes 2105 and 
2118 opposing the movable electrodes 2104. By 
alternately applying voltage to the fixed electrodes 
2105 and 2118, an electrostatic attraction is 
generated between the fixed electrode 2105 and the 

25 corresponding movable electrode 2104 and between the 



fixed electrode 2105 and the corresponding movable 
electrode 2104 so that the movable mirror 2100 can be 
oscillated. 

Further, a driving circuit 2114 applying 
voltage alternatively to the fixed electrodes 2105 
and 2118 based on a driving frequency input thereto 
is formed on the surface of the first Si substrate 
2102 by deposition. A light-source base 2107 is 
formed of a sintered metal. The light-source base 

2107 has an LD chip 2108 joined to its LD mounting 
surface formed vertically to its joint surface. The 
light-source base 2107 has a cylindrical coupling 
lens 2110 joined to a positioning groove 2109 formed 
therein. The coupling lens 2110 is composed of front 
and rear lenses. The front lens is an axially 
symmetrical aspheric lens and the rear lens is a 
cylinder lens having a curvature in the secondary 
scanning direction. The groove 2109 has its width 
set so that the optical axis of the coupling lens 
2110 meets the light-emission point of the LD chip 

2108 when the outer round surface (longitudinal 
surface) of the coupling lens 2110 contacts the 
groove 2109. The coupling lens 2110 is adjusted in 
the direction of the optical axis so that a divergent 
bundle of rays emitted from the LD chip 2108 becomes 



a bundle of parallel rays in the primary scanning 
direction and a convergent bundle of rays in the 
secondary scanning direction. Thereafter, the 
coupling lens 2110 is bonded and fixed to the groove 
2109. A spacer substrate 2111 of a frame-like shape 
is formed by forming a through hole part in the 
center of a Si substrate by etching. The spacer 
substrate 2111 has a mirror slope 2112 and a photo 
diode (PD) 2113 formed on opposing internal sides 
thereof, respectively, by depositing a GaAs layer so 
that the mirror slope 2112 downwardly reflects a 
light beam emitted from the LD chip 2108 and the PD 
2113 receives the backlight of the LD chip 2108. A 
terminal substrate 2116, which is formed of a ceramic 
material, includes a plurality of terminals 2115 for 
connection to external circuits. The LD chip 2108, 
the PD 2113, and the driving circuit 2114 are wire- 
bonded to the terminals 2115. The terminal substrate 
2116, the mirror substrate 2106, the light-source 
substrate 2107, and the spacer substrate 2111 are 
superimposed and joined one over the other in the 
order described, and sealed by a window substrate 
2117 formed of a glass plate, thereby forming the 
optical scanning module. 

According to the optical scanning module of 
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the above-described configuration, the light beam 
emitted from the LD chip 2108 is incident on the 
movable mirror 2100 via the coupling lens 2110 and 
the mirror slope 2112. The movable mirror 2100 
oscillates in opposite turning directions around the 
torsion bars 2101 serving as a rotational axis so 
that the light beam incident on the movable mirror 
2100 is upwardly reflected and deflected to be 
emitted from the optical scanning module for scanning. 
Letting the size of the mirror slope 2112 or the 
movable mirror 2100 be a given size, the light beam 
emitted from the LD chip 2108 has a diameter larger 
than the given size so that only a reflected part of 
the light beam is emitted from the optical scanning 
module. Thereby, the diameter of the light beam 
emitted from the optical scanning module is defined. 

FIG. 18 is a perspective view of an optical 
scanning device including three optical scanning 
modules 2208 through 2210 having the configuration of 
FIGS. 16 and 17 according to the fifth embodiment. A 
light beam emitted from the optical scanning module 
2208 is focused on a scanned surface 2203 by scanning 
lenses 2201 and 2202 so that image recording is 
performed. In FIG. 18, image recording is performed 
by dividing a one-line recording width among the 
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three optical scanning modules 2208 through 2210, 
which are arranged on a circuit board 2204 in 
alignment with one another in the primary scanning 
direction. In each of the optical scanning modules 

2208 through 2210, the movable mirror 2100 oscillates 
in the opposite turning directions so that image 
recording is performed in both turning directions. 

In the optical scanning module 2208, for instance, 
the light beam is reflected toward the circuit board 
2204 from mirrors 2205 and 2213 provided in positions 
corresponding to the sides of the image recording 
area of the optical scanning module 2208. That is, 
the positions are outside the image recording area. 
Then, the light beam is detected by PDs 2206 and 2207 
mounted on the circuit board 2204 so that the 
scanning start and end positions of the light beam 
are detected. Since the optical scanning modules 

2209 and 2210 have the same configuration as the 
optical scanning module 2208, a description thereof 
will be omitted. Accordingly, the recording width of 
each of the optical scanning modules 2208 through 

2210 is stably maintained. Thereby, edges of the 
images formed by each adjacent two of the optical 
scanning modules 2208 through 2210 fit each other at 
the joint of the images so that an image of good 
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quality can be obtained. 

In FIG. 18, the maximum swing angle of the 
movable mirror 2100 is ±5°. Of the range of ±5°, a 
range of ±3° corresponds to the image-recording region 
5 The PDs 206 and 207 are provided within scanning 

angles corresponding to ranges of ±3° to ±5° outside 
the image-recording region. The adjacent optical 
scanning module 2209 is provided so that its scanning 
region within scanning angles corresponding to a 
■ 10 range of +3° to +5° of the swing angle overlaps the 

P scanning region of the optical scanning module 2208 

- within -3° to -5° of the swing angle. The PD 2207 is. 

DOi also used for detecting the scanning start position 

IS 

~ of the light beam of the optical scanning module 2209 

P 

pj 15 The successive scanning lenses 2202 of the optical 

fy 

-2 scanning modules 2208 through 2210, which are formed 

^ integrally with each other by resin molding in this 

embodiment, may be provided separately from each 

other. 

20 In this embodiment, in order to reduce a 

driving voltage, each of the movable electrodes. 2104 
and the fixed electrodes 2105 and 2118 has the comb 
teeth-like shape to enlarge the area of its surface, 
which may be replaced by another electrode 

25 configuration. 
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FIG. 19 is an exploded perspective view of 
an optical scanning module according to a sixth 
embodiment of the present invention. FIG. 20 is a 
sectional view of the optical scanning module of FIG 

19. The optical scanning module of this embodiment 
has a movable mirror 2300 driven by an 
electromagnetic force. In FIG. 19, a mirror 
substrate 2301 is formed by combining a Si substrate 
2304 and a metal yoke substrate 2306 as shown in FIG 

20. As in the fifth embodiment, the movable mirror 
2300 and torsion bars 2303 turnably supporting the 
movable mirror 2303 are formed in the Si substrate 
2304 by forming through holes therein by etching. A 
mirror is formed of a vapor-deposited metal film on 
the center part of the movable mirror 2300. A 
spirally patterned thin-film coil 2305 is formed of 
an interconnection line introduced through the 
torsion bars 2303 on the periphery of the movable 
mirror 2303. The thin-film coil 2305 may be formed 
on the side of the movable mirror 2300 opposite to 
the mirror surface. A through hole is formed in the 
center of the yoke substrate 2306, forming an 
oscillation space for the movable mirror 2300. The 
yoke substrate 2306 serves as a support substrate. 1 
pair of magnets 2307 and 2308 are arranged in 
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symmetry with respect to the torsion bars 2303 with 
the north and south poles of the magnet 2307 opposing 
the south and north poles of the magnet 2308, 
respectively, and are fixed on opposing sides of the 
through hole of the yoke substrate 2306. When an 
electric current is supplied to the thin-film coil 
2305, Lorentz forces are generated in a given turning 
. direction at end parts of the thin-film coil 2305 
opposing each other across the torsion bars 2303 by 
interactions between the electric current and a 
magnetic field produced by the magnets 2307 and 2308. 
By switching the directions of the electric current, 
the movable mirror 2300 can be oscillated. As in the 
fifth embodiment, a driving circuit 2309 switching 
voltages applied to the thin-film coil 2305 based on 
an input driving freguency is formed by deposition on 
the surface of the Si substrate 2304. A terminal 
substrate 2312, the mirror substrate 2301, a light- 
source substrate 2310, and a spacer substrate 2311 
are superimposed and joined one over the other in the 
order described, and sealed by a window substrate 
2313, thereby forming the optical scanning module. 
The substrates 2310, 2311, and 2312 have the same 
configurations as the corresponding substrates 
described in the fifth embodiment. An optical 



scanning device using the optical scanning modules of 
this embodiment may have the same configuration as 
described in the fifth embodiment. Therefore, a 
description thereof will be omitted. 

FIG. 21 is a block diagram showing a control 
circuit of an optical scanning module according to 
the present invention. In FIG. 21, a variable 
driving freguency setting part 2402 applies to a 
driving circuit 2401 of a movable mirror a driving 
freguency fd of a TTL-level rectangular waveform. 
The driving freguency fd is common to a plurality of 
optical scanning modules used in an optical scanning 
device. The variable driving freguency setting part 
2402 f reguency-divides a clock signal supplied from a 
reference oscillator 2403 and varies the driving 
freguency fd. There are slight peak differences 
between the resonance freguencies of the movable 
mirrors of the optical scanning modules. Therefore, 
the variable driving freguency setting part 2402 
selects an approximately center value of the 
variation width to set the driving freguency f d . At 
this point, by adjusting the driving voltage, each 
movable mirror is allowed to have the uniform swing 
angle at the peaks even if there are peak differences 
between the resonant freguency and the driving 
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frequency fd. A variable pixel frequency setting 
part 2404 sets a pixel frequency fm in proportion to 
the set driving frequency fd, thereby maintaining a 
constant recording width (scanning magnification) 
even if a change in a scanning rate is caused by a 
variation in the resonant frequency of the movable 
mirror. Further, PDs 2406 and 2407 detects a light 
beam on both sides of an image-recording region (that 
is, outside the image recording region) and generates 
detection signals as previously described. Each 
detection signal is supplied to a write control 
circuit 2410 through a switching circuit 2414. 
Further, a magnification measurement part 2405 
measures a time difference between the detection 
signals on both sides of the image-recording region. 
The recording width of each optical scanning module 
can be corrected with a variation over time, such as 
thermal expansion of a scanning lens, a change in the 
index of refraction of the scanning lens, or a " 
deviation in the scanning rate on a scanned surface 
due to a variation in the wavelength of an LD , being 
allowed for by comparing the measured time difference 
with its initial value. Further, the pixel frequency 
fm may be varied during one scan. For instance, if 
the oscillation turning speed of the movable mirror 



has an unlinear acceleration or deceleration from an 
ideal value due to air resistance opposing the 
turning of the movable mirror or a variation in an 
electrostatic attraction caused by a change in an 
inter-electrode gap, partial expansion or contraction 
of a dot pitch in the primary scanning direction can 
be corrected by switching the pixel freguency fm in a 
plurality of steps by supplying correction data 2408 
corresponding to the acceleration or deceleration, so 
that the dot pitch can be uniform on the scanned 
surface. The correction data 2408, which varies step 
by step as shown in FIG. 21, is approximate to the 
pixel frequency fm. In the case shown in FIG. 21, 
the same driving frequency fd is supplied to each 
optical scanning module, and the pixel frequency fm 
is given in each optical scanning module. However, 
the driving freguency fd may be set individually in 
each optical scanning module, or the pixel frequency 
fm may be set common to the optical scanning modules. 

A variable LD driving current setting part 
2409 controls an electric current supplied to an LD 
2411 so that the electric current is inversely 
proportional to the pixel frequency fm set in the 
variable pixel frequency setting part 2404. Thereby, 
an equal amount of energy is supplied for each dot. 
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Buffers 2412 and 2413 alternate in temporarily 
storing the image data for each scanning line so that 
the buffer 2412 stores the image data for one 
scanning line and the buffer 2413 stores the image 
data for the next scanning line. The image data is 
read out from its start dot from the buffer 2412 or 
from its end dot from the buffer 2413 after a given 
period of time passes since generation of the beam 
position detection signal on the start side in 
recording start timing and each scanning direction. 
Then, the read-out image data supplied through a 
switching- circuit 2415 and the write control circuit 
2410 modulates the LD 2411 so that image recording is 
performed in both (opposite) directions. Therefore, 
the image data is properly allocated in accordance 
with the synchronization detection signal (the beam 
position detection signal on the start side of each 
scan) without any mistake in the readout order of the 
image data in the case of scanning in the opposite 
directions. In this case shown in FIG. 21, the image 
is recorded in both directions. However, the image 
may be recorded in every other line, or in only 
either one of the directions. 

FIG. 22 is a timing chart of the detection 
signals output from the PDs for beam position 



detection shown in FIG. 18 and write-related timing. 
A PD1 and a PD2 of FIG. 22 correspond to the PDs 2206 
and 2207 of FIG. 18, respectively, and a first 
electrode and a second electrode of FIG. 22 
correspond to the electrodes 2105 and 2118 of FIG. 16 
respectively. As shown in FIG. 22, the light beam 
passes each of the PD1 and PD2 in both forward and 
backward (opposite) directions. Therefore, two 
successive outputs are obtained at each of the 
scanning starting and termination ends. Accordingly, 
in this case, control is performed to enable only one 
of the detection signals of the PD1 and PD.2 in 
accordance with the ON-OFF timing of the driving 
voltages applied to the movable mirror, thereby 
recognizing a direction in which scanning is 
performed and selecting one of the detection signals 
of the PD1 and PD2 . That is, in the case of writing 
in the forward direction, the detection signal of the 
PD2 and the detection signal of the PD1 output when 
the applied voltage to the first electrode is in an 
OFF state may be treated as detection of the scanning 
termination end and detection of the scanning 
starting end, respectively. In the case of writing 
in the backward direction, the detection signal of 
the PD2 and the detection signal of the PD1 output 



when the applied voltage to the first electrode is in 
an ON state may be treated as detection of the 
scanning starting end and detection of the scanning 
termination end, respectively. The same effect can 
be produced by generating a control signal separately 
based on the detection signals. At this point, by 
switching the buffers 2412 and 2413, from which the 
image data is read out, in accordance with the ON-OFF 
timing of the applied voltages so that only one of 
the buffers 2412 and 2413 is enabled, the detection 
signal on the scanning start side can be correlated 
with the image data by a one-to-one correspondence in 
each of the scanning directions. 

Further, in the case shown in FIG. 22, a 
time difference between the detection signals on both 
scanning starting and termination ends is measured, 
and a recording width is corrected with a variation 
over time being allowed for by comparing the measured 
time difference with its initial value. The time 
difference corresponds to each of Tl and T2 in FIG. 
22 . The pixel frequency is varied in accordance with 
variations ATI and AT2 . By letting a period of time 
tl and a period of time t2 each between the detection 
of the light beam and the start of writing be tl ' = 
tl - ATI/2 and t2 ' = t2 - AT2/2, respectively, a 
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recording position in forward and backward scanning 
can be corrected based on the center of the image. 

In the second embodiment, the same effect 
can be obtained by correlating ON and OFF of each 
applied, voltage with the positive and negative 
voltages applied to the thin-film coil 2305, 
respectively . 

FIG. 23 is a timing chart showing another 
timing. In the case of FIG. 23, the PD1 and PD2 are 
different from those of FIG. 22, and the positions of 
the PD1 and PD2 or the swing angle is set so that the 
light beam is turned within the range of each of the 
PD1 and PD2 . The swing angle may be set by adjusting 
the driving voltages so that the light beam reflected 
from the movable mirror at its maximum swing angle 
reaches positions corresponding to the positions of 
the PD1 and PD2 . Thereby, each of the PD1 and PD2 
outputs the detection signal only once although the 
light beam scans in both directions. By recognizing 
the rising and falling edges of the detection signal 
as detection of the scanning starting end and 
detection of the scanning termination end, 
respectively, the scanning direction can be 
recognized. In this embodiment, a phase difference 
between the driving frequencies of the two adjacent 



optical scanning modules is 0°. Therefore, the 
optical scanning modules scan in the same direction 
at the same time so as to prevent the light beams of 
the optical scanning modules from entering the same 
or shared PD at the same timing. 

FIGS. 24A and 24B are diagrams showing 
scanning lines of the optical scanning modules 2208 
through 2210 on the scanned surface of a 
photosensitive body in consideration of the rotation 
thereof. An image is recorded on the scanned surface 
that is rotated by one scanning pitch P during a 
period between the start and end of a scan by each of 
the optical scanning modules 2208 through 2210. 
Therefore, when a phase difference between the 
driving frequencies of each adjacent two of the 
optical scanning modules 2208 through 2210 is set to 
0° as shown in FIG. 24A, there is a difference of the 
one scanning pitch P in the secondary scanning 
direction between the positions of two dots at each 
dividing position since there is a difference between 
recording start and end times. If the scanning lines 
are formed at a higher density with respect to an 
amount of rotation of the photosensitive body, the 
difference between the two dot positions can be 
ignored. However, if the scanning lines are formed 



at a lower density, each dividing position is apt to 
stand out. Therefore, in the case of FIG. 24A, line 
images are connected by setting the scanning 
positions of each adjacent two of the optical 
scanning modules 2208 through 2210 so that there is a 
difference of the one scanning pitch P in the 
secondary scanning direction between each adjacent 
two dot positions at respective recording start 
points. In this case, the light beams of each 
adjacent two of the optical scanning modules 2208 
through 2210 may enter the same PD for beam position 
detection at the same timing. However, by setting 
the phase difference between the driving frequencies 
of each adjacent two of the optical scanning modules 
2208 through 2210 to 180° so that the adjacent light 
beams scan the scanned surface in the opposite 
directions as shown in FIG. 24B, the adjacent 
scanning light beams are allowed to pass the 
corresponding dividing position at the same time. 
Thereby, the rotation of the scanned surface is 
prevented from causing a difference between dot 
positions in the secondary scanning direction. 

Next, a description will be given, with 
reference to FIGS. 25 through 27, an imaging 
apparatus employing an electrophotographic process in 



which imaging apparatus the optical scanning device 
according to the fifth or sixth embodiment of the 
present invention is mounted. FIG. 25 is a diagram 
showing a digital copier 2500 that is an example of 
the imaging apparatus. FIG. 2 6 is a diagram showing 
a laser printer 2700 that is another example of the 
imaging apparatus. FIG. 27 is a diagram showing a 
plain-paper facsimile machine 2800 that is yet 
another example of the imaging apparatus. 

In FIG. 25, the digital copier 2500 includes 
a copier main body 2500' and an original reading 
device main body 2600. The copier main body 2500' 
includes an optical scanning device 2501, cassettes 
2502 and 2502' for containing paper sheets, paper 
feed rollers 2503 and 2503' drawing the paper sheets 
one by one from the cassettes 2502 and 2502/ , 
registration rollers 2504 controlling sheet 
conveyance timing, a transfer charger 2505, a process 
cartridge 2509 formed by integrating a photosensitive 
body drum 2506, a development roller 2507, and a 
charging roller 2508, a fuser roller 2510 containing 
a halogen heater, a fuser 2511 formed of a pressure 
roller, conveying rollers 2512, and paper ejection 
rollers 2513. The optical scanning device 2501 in 
the digital copier having the above-described 
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conf iguration has its semiconductor lasers modulated 
in accordance with an image signal and forms a latent 
image on the photosensitive body drum 2506 uniformly- 
charged by the charging roller 2508. The latent 
5 image is made visible by toner supplied from the 

development roller 2507. A paper sheet drawn by the 
paper feed roller 2503 or 2503' is conveyed by the 
registration rollers 2504 in timing with the start of 
image recording by the optical scanning device 2501 
N 1 10 so that a toner image is transferred on the paper 

B " . 

D sheet. The transferred image is fixed by the fuser 

\S 

jS roller 2510 and the fuser 2511 and conveyed by the 

jjo conveying rollers 2512 to be ejected by the paper 

m 

B ejection rollers 2513. Further, in the document 

pi 15 reading device main body 2600, by moving a group of 

J4^ mirrors 2604, the images of an original fixed to an 

™ original placement table are read by a reading part 

2601 and successively formed on a photoelectric 
conversion element 2603 such as a CCD through a 
20 focusing lens 2602 to be converted into electronic 

data. The digital copier of FIG. 25 is a monochrome 
copier, but is not limited thereto. In the case of a 
full-color copier, it is obvious that the present 
invention can be applied to an imaging apparatus in 
25 which the optical scanning device of the present 
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invention is provided for each of process cartridges 
of different colors, for a single imaging part 
performing full-color image formation, or for each of 
a plurality of imaging parts. 

In FIG. 26, the laser printer 2700 includes 
an optical scanning device 2701, a cassette 2702 
containing paper sheets, a paper feed roller 2703 
drawing the paper sheets one by one from the cassette 
2702, registration rollers 2704 controlling sheet 
conveyance timing, a transfer charger 2705, a process 
cartridge 2709 formed by integrating a photosensitive 
body drum 2706, a development roller 2707, and a 
charging roller 2708, a fuser roller 2710 containing 
a halogen heater, and a fuser 2711 formed of a 
pressure roller, and a paper ejection roller 2712. 
The optical scanning device 2701 in the laser printer 
2700 having the above-described configuration have 
its semiconductor lasers modulated in accordance with 
an image signal supplied from a host computer and 
forms a latent image on the photosensitive body drum 
2706 uniformly charged by the charging roller 2708. 
The latent image is made visible by toner supplied 
from the development roller 2708. A paper sheet 
drawn by the paper feed roller 2703 is conveyed by 
the registration rollers 2704 in timing with the 
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start of image recording by the optical scanning 
device 2701 so that a toner image is transferred on 
the paper sheet. The transferred image is fixed by 
the fuser roller 2710 and the fuser 2711 to be 
ejected by the paper ejection rollers 2712. 

In FIG. 27, the plain-paper facsimile 
machine 2800 includes an optical scanning device 2801, 
a cassette 2802 containing paper sheets, a paper feed 
roller 2803 drawing the paper sheets one by one from 
the cassette 2802, registration rollers 2804 
controlling sheet conveyance timing, a transfer 
charger 2805, a process cartridge formed by 
integrating a photosensitive body drum 2806, a 
development roller 2807, and a charging roller 2808, 
a fuser roller 2810 containing a halogen heater, a 
fuser 2811 formed of a pressure roller, a paper feed 
roller 2813 drawing an original from an original 
placement table 2812, a pair of conveying rollers 
2814 and 2815 conveying the original in the secondary 
scanning direction, and a reading part 2816 that 
optically reads the images of the original. The 
images of the original, which is fed forward by the 
paper feed roller 2813 from the original placement 
table 2812, are successively converted into 
electronic data by the reading part 2816 while the 
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original is conveyed by the conveying rollers 2814 
and 2815. As described above, in the plain-paper 
facsimile machine 2800, an image signal supplied from 
the reading part 2816 is transmitted through a 
5 transmission part (not shown in the drawing) so that 
the optical scanning device 2801 has its 
semiconductor lasers modulated in accordance with the 
image signal received through the transmission part 
and forms a latent image on the photosensitive body 
10 drum 2806 uniformly charged by the charging roller 
2808. The latent image is made visible by toner 

*P supplied from the development roller 2807. A paper 

It 

*P sheet drawn by the paper feed roller 2803 is conveyed 

m 

HI by the registration rollers 2804 in timing with the 

£3 15 start of image recording by the optical scanning 

fy 

' pj device 2801 so that a toner image is transferred on 

p the paper sheet. The transfer image is fixed by the 

fuser roller 2810 and the fuser 2811 to be ejected. 

According to the optical scanning device of 
20 the present invention, one scan by the optical 

scanning device is divided in the number of optical 
scanning modules thereof so as to narrow the scanning 
width of each optical scanning module. Thereby, the 
swing angle of the movable mirror of each optical 
25 scanning module can be limited within the range of 
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oscillation using resonance, so that the movable 
mirror can move at a higher speed with a higher 
scanning frequency. Further, the optical scanning 
device requires less power at the time of activation 
so as to achieve power saving. 

Further, the optical scanning device of the 
present invention includes the variable pixel 
frequency setting part, so that a deviation of the 
recording width (magnification) of each optical 
scanning module due to correction of the oscillation 
frequency thereof can be corrected. Thereby, an edge 
of an image formed by one optical scanning module 
coincides with an edge of an image formed by an 
adjacent optical scanning module at the joint of the 
images, thus realizing an image of good quality. 

The present invention is not limited to the 
specifically disclosed embodiments, but variations 
and modifications may be made without departing from 
the scope of the present invention. 

The present application is based on Japanese 
priority applications No. 2001-056304 filed on March 
1, 2001, No. 2001-077089 filed on March 16, 2001, and 
No. 2001-292586 filed on September 25, 2001, the 
entire contents of which are hereby incorporated by 
reference . 



